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ABSTRACT - The purpose of this study was to evaluate the voluntary intake and digestibility of three sorghum (Sorghum 
bicolor, L. Moench) hybrid silages in sheep. The hybrids used were H1 - BRS 655 (CMSXS 222 A × CMSXS 235 R), with 
tannin; H2 - (ATF54 A × CMSXS 235 R), without tannin; and H3 - BRS 610 (CMSXS 232 A × CMSXS 234 R), without tannin. 
The intake and digestibility of dry matter (DM), gross energy (GE), neutral detergent ﬁber (NDF), acid detergent ﬁber (ADF)
and crude protein (CP) were measured. Eighteen crossbred sheep weighing 59.4 kg (±8.3) were used in the trial. A completely 
randomized design with three treatments (hybrids) and six repetitions (sheep) was used. There were no differences in the DM 
intake or apparent digestibility among the hybrids. Silage of hybrid BRS 610 displayed higher digestibility coefﬁcients for CP,
NDF, ADF, and GE compared with the other silages, which did not differ from each other. The neutral detergent ﬁber, ADF and
digestible energy (DE) intakes were similar among the hybrids silages. All of the hybrids resulted in a positive N balance in 
sheep. The levels of DE were superior in hybrid silage BRS 610 in comparison with the other hybrids. Sorghum hybrid BRS 
610 silage exhibited superior nutritional value compared with the other hybrids, which is most likely in part due to the absence 
of tannins. Sorghum silage made with hybrid BRS 610 (CMSXS 232 A × CMSXS 234 R) presents superior gross energy, crude 
protein, neutral detergent ﬁber and acid detergent ﬁber digestibility coefﬁcients, as well as greater digestible energy levels than
BRS 655 (CMSXS 222 A × CMSXS 235 R) and (ATF54 A × CMSXS 235 R).
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Introduction
Maize and sorghum are the most widely used tropical 
cereal crops for silage because of their high yields of dry 
matter (DM) (Fribourg, 1995; Rooney et al., 2007), low 
buffering capacity and high water-soluble carbohydrate 
(WSC) content (Stuart, 1984; McDonald et al., 1991). 
Under arid and semiarid conditions and at high 
elevations, sorghum silage (Sorghum bicolor, L. Moench) 
is favored over corn silage as forage for ruminants due to 
its lower requirement for soil fertility, lower production 
costs, possibility of a second cut, and greater resistance to 
drought and high temperatures. Furthermore, in areas with 
better rainfall distribution, this culture has shown good 
adaptability as a second crop (Pedreira et al., 2003). For 
these reasons, the importance of sorghum as a forage crop 
is growing in many regions of the world. The sorghum crop 
is well adapted to hot climates, such as in Sudan (Ibrahim, 
1999) and Brazil (Neumann et al., 2002), and now, due to 
higher mean temperatures, this crop is also being used as 
a forage for more Northern latitudes, such as in southern 
Canada (McCaughey et al., 1996).
Various hybrids and varieties of sorghum differ in their 
dry matter (DM), water-soluble carbohydrates (WSC), 
protein, neutral detergent ﬁber (NDF), acid detergent ﬁber
(ADF), and acid detergent lignin (ADL) contents (Pedersen 
et al., 1982; Neumann et al., 2002; Carmi et al., 2005). 
Consequently, considerable differences in DM and NDF 
digestibility among sorghum silages have been reported 
(Ashbell et al., 1999; Miron et al., 2005; Machado et al., 2011).
The Brazilian Agricultural Research Corporation 
(Embrapa) has been developing sorghum hybrids for silage 
that exhibit resistance to lodging and various diseases, 
while producing a higher DM yield and possessing a 
more desirable nutritional proﬁle for ruminants. Sorghum
hybrids with tannin may play an important role in sorghum 
resistance to bird attacks (Beta et al., 2000).
Tannins are deﬁned as naturally occurring phenolic
compounds with high molecular weights and with the ability 
to bind to macromolecules, such as proteins, structural 
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carbohydrates and starches, thereby decreasing their 
ruminal degradation (McSweeney et al., 2001; Silanikove 
et al., 2001). Tannins are divided into two major groups:
hydrolyzable and condensed tannins. The polyphenols that are 
found in sorghum are condensed tannins (Jansman, 1993).
Reduction in dry matter intake and in the digestion of 
protein and ﬁber is an adverse effect often associated with
tannins (Schoﬁeld et al., 2001; Makkar, 2003). However,
the presence of moderate levels of condensed tannins in the 
rumen is related to the protection of dietary protein against 
degradation by ruminal microorganisms, which increases 
the ﬂux of dietary protein to be absorbed in the intestines
(Min et al., 2003). More recently, condensed tannins have 
also been linked to reduction in ruminal methane emission 
(Woodward et al., 2001; Makkar, 2003). 
The presence of tannins during the silage fermentation 
process can protect forage proteins from degradation 
(Salawu et al., 1999; Kondo et al., 2004) by inhibiting plant 
and microbial enzymes and/or by forming complexes with 
proteins (Makkar, 2003). This observation is supported by a 
reduction of ammonia N, which is usually observed in silages 
containing tannins (Gonçalves et al., 1999; Adesogan and 
Salawu, 2002). According to Cummins (1971) and Oliveira 
et al. (2009), the fermentation process can also decrease the 
levels of condensed tannins in sorghum silages, and, because 
of this decrease, animals may not be negatively affected by 
high tannin sorghum silages. This reduction in tannin levels 
is most likely due to tannin inactivation by the low pH and 
anaerobic conditions that are usually present in silages 
(McSweeney et al., 1999) and due to tannin degradation to 
low-molecular weight polyphenols (Kondo et al., 2004).
The objective of this study was to determine the 
nutritional value of three sorghum (Sorghum bicolor, L. 
Moench) hybrid silages that differed in tannin content, 
which were developed by the genetic improvement program 
of Embrapa, through intake and apparent digestibility in 
sheep.
Material and Methods
Three stem dry hybrid forage sorghums, which 
were developed by the genetic improvement program 
of Embrapa, were used: H1 - BRS655 (CMSXS 222A × 
CMSXS 235R), with tannin; H2 - (ATF54A × CMSXS235 R), 
without tannin; and H3 - BRS610 (CMSXS 232A × CMSXS 
234R), without tannin. Hybrid H2 is extremely similar 
to BRS610; however, hybrid H2 has a smaller seed size. 
Sorghum hybrids with total phenol levels that were higher 
than 0.75% of the DM, which was analyzed by the Prussian 
blue method, were considered with tannin, and the hybrids 
with levels that were lower than 0.75% were considered 
without tannin. This level is used by Embrapa to classify 
their new sorghum hybrids. The hybrids were grown, 
harvested and ensiled on the premises of Embrapa Milho 
e Sorgo, Sete Lagoas, Minas Gerais, Brazil. The sorghum 
hybrids were planted with 0.7 m space between rows, at a 
density of 120,000 plants/ha. All hybrids were harvested at 
the dough stage (100-108 d) using a forage harvester and 
were chopped to a theoretical length of 0.5-1.5 cm. Forages 
were immediately ensiled in plastic bags within 200-L steel 
barrels, which were compacted by trampling, and sealed.
An in vivo study was conducted on the premises of the 
Department of Animal Science in the Veterinary School 
at Universidade Federal de Minas Gerais (UFMG), Belo 
Horizonte, Minas Gerais, Brazil, at the Animal Metabolism 
and Calorimetry Laboratory. All procedures and protocols 
that were used in this experiment were approved by the 
UFMG Ethics Committee on Animal Experimentation 
(CETEA Protocol Nº. 043/09). Adult crossbred Santa 
Inês woolless rams (n = 18), which weighed an average 
of 59.4 kg (±8.3), were used. The sheep were randomly 
housed in individual metabolic cages with slatted ﬂoors.
The cages had funnels that were attached to the wooden 
ﬂoors, beneath which there were plastic boxes (for feces
collection) and screen-topped plastic buckets (for urine 
collection). To avoid urinary nitrogen loss by volatilization 
and/or decomposition, 100 mL of 2N HCl were added to 
the urine collection buckets daily. After a 21 d adaptation 
period, in which the sheep were acclimatized to the diets 
and cages, total collection was performed at 5 d. Sheep 
weights were measured at the beginning and at the end of 
the adaptation and experimental periods.
Sorghum silages were fed twice daily (07.00 and 17.00 h) 
and provided ad libitum throughout the experiment. Water 
and a commercial mineral mixture were also provided ad 
libitum. Silage, orts and feces were weighed daily, and a 
portion (20%) from each animal was retained for further 
analysis. Urine was collected once daily (07.00 h), with a 
10% aliquot being stored for further analysis. Composite 
samples of orts, feces, urine, and silages of each animal 
were stored at –17 °C until analyzed.
Samples of feces, silage that was offered and orts were 
thawed at room temperature and dried in a forced air oven 
at 55 oC for 72 h. The dried samples were ground in a 
Wiley stationary mill through a 1 mm screen and stored in 
polyethylene containers with lids. Samples were analyzed 
in duplicate for the DM at 105 oC and ether extract (EE) 
(AOAC, 1980), crude protein (CP) and nitrogen content 
(N) by the Kjeldahl method (AOAC, 1995); NDF, ADF and 
lignin by the sequential method of Van Soest et al. (1991); 
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and gross energy (GE) by combustion in an adiabatic 
bomb calorimeter PARR model 2081 (AOAC, 1995). The 
gross energy content of the urine was determined by bomb 
calorimetry, and N and CP were determined as described 
above. Only samples of the offered silage were examined 
for levels of neutral detergent insoluble nitrogen (NDIN) 
and acid detergent insoluble nitrogen (ADIN) (Van Soest 
et al., 1991). The in vitro DM digestibility (IVDMD) was 
evaluated according to the two-stage procedure that was 
described by Tilley and Terry (1963), adapted by Holden 
(1999) using a rumen simulator Daisy II ANKOM®. Extracts 
of fresh silage were obtained with a hydraulic press for the 
determination of the ammonia nitrogen content [NH
3
-N 
(% of total N)], as well as acetic, propionic, butyric and 
lactic acids, by gas chromatography (GC-17 Shimadzu gas 
chromatograph using a Nukol capillary column). Samples 
were (10 mL) acidiﬁed with 2 mL of metaphosphoric acid
(0.25; w/v) and frozen at –20 ºC until analyzed for organic 
acids. Ammonia-N was determined by the Kjeldahl method, 
with the volatile N fraction distilled by heating the solution 
at pH >7 with MgO.
The voluntary intake of nutrients on the DM basis 
of sorghum silages was determined by the difference 
between the silage that was offered to rams and orts, and 
the apparent digestibility values were obtained from the 
total collection of feces. To assess the nutrient digestibility 
(ND), the following equation, described by Schneider and 
Flatt (1975), was used:
ND = (nutrient intake – nutrient excretion) × 100
Nutrient intake
The experimental design that was adopted was 
completely randomized with three treatments and six 
repetitions. The statistical analysis was performed using the 
statistical model: Y
ij
= Τ + μ
i
 + €
ij
, in which Y
ij
 = observation 
“j” in the hybrid “i”; μ = overall mean; Τ
i
 = effect of hybrid 
(i = 1, 2, 3); and €
ij
 = experimental error. The obtained data 
were subjected to variance analysis using the SAS software 
package for statistics (Statistical Analysis System, version 
6.12), with the means compared by Student-Newman-Keuls 
test (SNK) at 5% probability (P<0.05).
Results and Discussion
According to Demarquilly and Dulphy (1977), the 
optimal DM content of silage to avoid seepage losses, 
undesirable microorganism fermentation and reduced 
intake is 27 to 38%. The silage hybrids H1 and H2 had 
DM contents of 26.01 and 26.58%, respectively, and were 
close to the minimum DM content that was proposed by 
Demarquilly and Dulphy (1977) to obtain high-quality 
silage, whereas the DM content of silage hybrid H3 (BRS 
610) was 18.58%, which was considered low (Table 1). A 
previous study by Faria Jr et al. (2011) evaluated the hybrid 
BRS 610 at different maturity stages and found that the DM 
content varied from 18.36 to 29.84% between milky and 
farinaceous stages. The daily rainfall before the ensiling 
of hybrid BRS610 is most likely the cause of its low DM 
content. The crude protein content ranged from 7.13 to 
8.17% of the DM, which is within the range of 6 to 8% of 
the DM, which is the minimum recommended by Van Soest 
(1994) for proper rumen fermentation.
Neutral detergent ﬁber and ADF values ranged from
58.64 to 59.26% and 36.41 to 38.87%, respectively. The 
IVDMD were 59.43, 62.56 and 59.22% for the hybrids 
H1, H2 and H3, respectively. Ether extract values were 
3.96, 4.79, and 6.29% for the hybrids H1, H2 and H3, 
respectively (Table 1). All sorghum silage hybrids presented 
good fermentation, with low levels of ammonia-N (<10%). 
According to Lavezzo (1994), well-preserved silages have 
pH between 3.8 and 4.2. All of the silages that were tested 
in this work were within this pH range.
There were no differences among the hybrids for DM 
intake and DM digestibility (P>0.05; Table 2). The DM 
intake values were higher than that suggested by AFRC 
(1993) (51.02 g/wt0.75/d) and NRC (1985) (53.19 g/wt0.75/d) for 
adult sheep on a maintenance diet. Reduced DM digestion, 
which is associated with tannin concentrations in sorghum 
silages, has been observed in vitro (Cummins, 1971; 
Arora et al., 1975; Montgomery et al., 1986) and in vivo 
Table 1- Chemical composition of three sorghum hybrid silages
Item (% of DM)
Hybrids
H1
(BRS 655)
H2
(ATF54 A × 
CMSXS 235 R)
H3
(BRS 610)
Dry matter 26.01 26.58 18.58
Crude protein 7.54 8.17 7.13
Ether extract 3.96 4.79 6.29
Neutral detergent ﬁber 59.26 59.20 58.64
Acid detergent ﬁber  36.41 38.18 38.87
Lignin  6.95 6.91 6.75
In vitro DM digestibility 59.43 62.56 59.22
NDIN1 71.76 71.21 53.17
ADIN1 52.21 57.96 36.58
NH
3
-N1 4.50 3.88 2.73
pH 4.21 3.91 3.69
Lactate 5.41 6.94 9.34
Butyrate 1.27 0.01 0.12
Acetate 1.58 1.72 2.72
Propionate 0.06 0.02 0.02
1 The results are expressed as percentage of total nitrogen.
NDIN - neutral detergent insoluble nitrogen; ADIN - acid detergent insoluble 
nitrogen.
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(Ben-Ghedalia and Tagari, 1977). However, more recently, 
Rodriguez et al. (1999) and Carneiro et al. (2006), who 
worked in vitro, and Oliveira et al. (2007) and Machado 
et al. (2011), who worked in vivo, similarly to the present 
study, did not ﬁnd any effect of tannin levels in sorghum
silages on DM digestibility. The absence of tannin effects 
on DM digestibility in the recently performed studies is 
most likely due to the lower tannin concentrations of the 
new bird resistant sorghum hybrids that were evaluated.
The CP intakes were similar for hybrids H1 and 
H3 (P>0.05), and the values were lower than hybrid H2 
(P<0.05). Hybrid H3 exhibited higher CP digestibility 
(P<0.05) when compared with the other hybrids (Table 2). 
Changes in the CP digestibility of sorghum silage can 
be attributed, in part, to the capacity of tannins to form 
complexes with organic compounds, such as proteins, that 
reduce their availability in the gastrointestinal tract, which 
can be demonstrated by comparing the H1 (with tannin) 
and H3 (no tannin) hybrids. However, the hybrid H2 (no 
tannin) presented CP digestibility values that were similar 
(P>0.05) to hybrid H1 (with tannin) and that were lower 
than hybrid H3 (no tannin). This unexpected result may 
be associated with a higher percentage of sorghum grains 
present in the feces of the animal receiving silage of hybrid 
H2, which is related to higher nitrogen contents in feces. 
This higher quantity of sorghum grains in the feces of the 
rams that received silage of hybrid H2 is most likely due to 
its smaller seed size compared with the others.
The values of N intake were similar among the hybrids 
(P>0.05). For the fecal N, the hybrid H3 had the lowest 
value (P<0.05), followed by the other hybrids, which did 
not differ between themselves (P>0.05; Table 2). Such a 
result justiﬁes the behavior that was observed for the CP
digestibility. In contrast, the urinary N was higher for the 
hybrid H3 (P<0.05). Despite the low CP level of the diets, 
all treatments showed positive values for retained N, which 
indicated that there was no protein loss by the animals. For 
the ratio between retained N and ingested N (retN/ingN), 
there were no differences among the hybrids (P>0.05). 
Nitrogen balance is a good indicator of animal protein 
metabolism, which is more efﬁcient than the intake and
digestibility of protein for determining whether there was 
loss of protein by the organism.
There were no differences in NDF and ADF intakes 
(P>0.05). The highest NDF digestibility (P<0.05) was 
observed for the hybrid H3 (BRS 610), whereas the other 
treatments were similar (P>0.05; Table 2). The ADF 
digestibility showed a similar pattern to that of the NDF 
digestibility, which ranged from 42.02% to 51.99%. Satter 
and Slyter (1974) observed that the growth of cellulolitic 
bacteria was limited at ammonia-N concentrations of 
rumen ﬂuid lower than 5.0 mg NH
3
-N/100 mL, which 
compromised ﬁber digestibility. The lower CP digestibility
of sorghum silages from hybrids H1 and H2 might have 
promoted ammonia-N concentrations in rumen ﬂuid that
were lower than 5.0 mg NH
3
-N/100 mL, which affected the 
Table 2 - Intake, digestibility, nitrogen balance and silage energy of three sorghum hybrid silages that were fed ad libitum to sheep
Item (% of DM)
Hybrids
CV (%)H1
(BRS 655)
H2
(ATF54 A × CMSXS 235 R)
H3
(BRS 610)
Intake    
Dry matter (g/wt0.75/d) 60.25 62.09 58.94 9.65
Crude protein (g/wt0.75/d) 4.58b 5.21a 4.14b 9.78
Neutral detergent ﬁber (g/wt0.75/d) 35.50 36.47 35.16 17.55
Acid detergent ﬁber (g/wt0.75/d) 21.98 23.64 23.44 17.28
Gross energy (kcal/wt0.75/d) 244.32 250.12 240.99 9.59
Digestible energy (kcal/wt0.75/d) 131.52 133.90 143.44 14.25
Digestibility (%)    
Dry matter 55.52 55.22 58.20 5.36
Crude protein 32.75b 32.89b 47.28a 17.26
Neutral detergent ﬁber 45.56b 44.52b 50.85a 7.70
Acid detergent ﬁber 42.02b 46.20b 51.99a 9.66
Gross energy 53.69b 53.40b 59.57a 7.66
Nitrogen    
N intake (g/d) 15.41 17.31 14.92 17.25
Fecal N (g/d) 10.37a 11.48a 7.90b 17.57
Urinary N (g/d) 2.40b 2.12b 4.22a 23.53
Retained N (g/d) 2.64 3.71 2.81 40.88
Retained N/ingested N (%)1 17.33 20.45 18.92 36.66
Silage energy    
Digestible energy (Mcal/kg of DM) 2.18b 2.15b 2.44a 8.35
1 retN/ingN - ratio between retained N and ingested N.
NDF - neutral detergent ﬁber; ADF - acid detergent ﬁber; DE - digestible energy; CV - coefﬁcient of variation.
Means with different letters within rows differ (P<0.05, SNK).
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NDF and ADF digestibilities of these silages. According 
to Mertens (1973), the NDF intake by sheep fed forage 
with NDF content between 35 and 75% is approximately 
35 g/wt0.75/d, which is close to those values obtained in this 
study (35.16 to 36.47 g/wt0.75/d). Neutral detergent ﬁber is
the food fraction that best correlates with DM intake by 
ruminants (Mertens, 1993). Thus, the NDF intake may have 
been a limiting factor for DM intake due to ﬁlling effect.
The gross and digestible energy intakes were 
similar among treatments (P>0.05). The DE intake was 
approximately 146.47 kcal/wt0.75/d, which is the DE intake 
requirement for sheep during maintenance (NRC, 1985). 
The highest value (P<0.05) for gross energy digestibility 
was obtained for hybrid H3 (Table 2). The values of DE, 
which were expressed as Mcal/kg of DM, were similar 
(P>0.05) for silages of hybrids H1 and H2 and were lower 
than the hybrid H3 (P<0.05). The determination of these 
parameters is important for the nutritional evaluation of 
feeds because these parameters indicate the efﬁciency
with which gross energy was used. A high efﬁciency ratio
is interesting only when accompanied by high dry matter 
intake.
Conclusions
Sorghum silage made with hybrid BRS 610 (CMSXS 
232 A × CMSXS 234 R) presents superior gross energy, 
crude protein, neutral detergent ﬁber and acid detergent
ﬁber digestibility coefﬁcients, as well as greater digestible
energy levels than BRS 655 (CMSXS 222 A × CMSXS 235 R) 
and (ATF54 A × CMSXS 235 R). Therefore, sorghum hybrid 
BRS 610 silage presents better nutritional value compared 
with the other hybrids indicated for making silage.
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